Validation of multiresidue screening methods for the determination of 186 pesticides in 11 agricultural products: broccoli, asparagus, carrot, spinach, burdock, matsutake mushroom, cauliflower, orange, soybean, sesame and millet was done by gas chromatography (GC). The investigated pesticides were selected on the based of such compounds that are commonly used around the world. Although the recovery of 58 of the pesticides was low (< 50%) in some crops, the 128 pesticides that spiked in samples at 0.1 mg/kg showed satisfactory recoveries (≥ 50%) in all crops with relative standard deviation of 4-21%. These validated 128 pesticides were therefore newly acceptable for the pesticide-monitoring programme at the Quarantine Station in Japan; the quantitative limits ranged from 0.005 to 0.1 ppm by GC on a crop basis. The screening methods were applied to monitor the residue from a total of 200 pesticides including 72 previously validated in imported foods at the Station in Japan. Pesticide residue from 188 (12.4%) was found in 1516 samples. Of these, 4 (0.26%) were in violation of Japanese maximum residue limits (MRLs). No detectable residue was found in 1328 (87.6%) samples.
INTRODUCTION
Japan is going to implement a so-called "positive list system" a system to prohibit in principle the distribution of foods containing a certain level of agricultural chemicals in case where no maximum residue limits (MRLs) have been set. The agricultural chemicals include pesticides, veterinary drugs and feed additives. This activity is based on the amended Japanese Food Sanitation Law published in May 2003. The system will take effect no later than May 2006. At the time of its implementation, MRLs will exist for about 750 chemicals. Pesticides are applied to agricultural crops throughout the entire world to control undesirable insects, 1, 2) mites, 3, 4) fungi, 5, 6) weeds, 7, 8) nematodes 9, 10) and mollusks.
11)
Pesticide-monitoring programme in imported foods are therefore important to ensure that these pesticides do not exceed the MRLs. The monitoring programme at the Quarantine Station in Japan uses the multiresidue screening methods. Thus, the validation of the screening methods is administratively indispensable to judge the applicability of these pesticides by the monitoring programmes at the Station. In the previous paper, 12) we proposed a method by gas chromatography (GC) for rapid screening of 104 pesticides in vegetables, fruits, cereals and seeds for routine purposes. In this study, another 186 pesticides to be investigated were selected on the based of their common use around the world. The aim of this work was to validate these 186 pesticides by the proposed routine screening methods using eleven common agricultural products. Pesticide-monitoring programme was also assigned at the Quarantine Station in Japan and used as the method to monitor *To whom correspondence should be addressed: Kobe Quarantine Station, Center for Inspection of Imported Foods and Infectious Diseases, 1-1, Toyahama-cho, Hyogo-ku, Kobe 652-0866, Japan. Tel.: +81-78-672-9657; Fax: +81-78-672-9663; E-mail: y-hirahara@forth.go.jp 
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MATERIALS AND METHODS

Chemicals, Reagents and Materials ---
Pesticide Standard: Certified reference pesticides were purchased from Hayashi Pure Chemical Industries (Osaka, Japan), Wako Pure Chemical Industries (Osaka, Japan) or Kanto Kagaku (Tokyo, Japan) (listed in Fig. 1 ). The purity of these pesticides was more than 97% by GC or HPLC. Individual stock standard solutions (generally containing 1000 µg/ml in ethyl acetate) were prepared from the reference standard materials. For the multiresidue experiments, mixed working standard solutions in acetone were prepared for each pesticide by serial dilution of the stock standard and were used as a spiking solution as well.
Chemicals: Phosphate buffer (pH 7.0, 1 mol/l); K 2 HPO 4 105 g and KH 2 PO 4 61 g were dissolved in distilled water and the pH was adjusted to 7 by addition of 1 mol/l HCl and NaOH solution. Mini column, strong anion exchange/primary-secondary amine combination (SAX/PSA) was obtained from Varian Inc. (CA, U.S.A., No. 1225-6061). All chemicals and solvents were a special grade for pesticide residue analysis.
Samples: broccoli, asparagus, carrot, spinach, burdock, matsutake mushroom, cauliflower, orange, soybean, sesame and millet were purchased from local retailers. Sample Preparation ---Extraction: Vegetables and Fruits: Samples were homogenized, and an aliquot of 20 g was placed in a blender. Eighty ml of ethyl acetate and anhydrous sodium sulfate 50-100 g were added and the samples were blended for 3 min. The extract was decanted into a round bottom flask through a filter paper No. 5. The residue was then rehomogenized with 50 ml of ethyl acetate and filtered again and the filters were combined. These were concentrated to a few milliliters in a rotary evaporator at a water bath temperature of 40°C. After the solvent had been removed by a gentle stream of nitrogen, the residue was dissolved and adjusted to 5 ml with acetone-n-hexane (30 + 70) solution.
Cereals and Seeds: Samples were ground, and an aliquot of 10 g was placed in a blender. One hundred ml of 35%(v/v) water in acetonitrile was added, and the sample was blended for 3 min. The extract was decanted into a reparatory funnel through a filter paper No. 5. The residue was then washed with 30 ml of acetonitrile and filtered again and the filters were combined. Seven grams of sodium chloride and 10 ml of phosphate buffer (pH 7.0, 1 mol/ l) were added and shaken for 5 min, and then allowed to stand for 15 min. The water portion was discarded. The acetonitrile layer was collected and the solvent was removed by a rotary evaporator at 40°C. Thirty ml of ethyl acetate and anhydrous sodium sulfate was added to the residue and the residue was dissolved using an ultrasonic machine, then filtered though a filter paper No. 5. The filtrates were combined. The solvent was concentrated to a few milliliters in a rotary evaporator and was removed by a gentle stream of nitrogen. Five ml of acetonitrile saturated with n-hexane and 1.5 ml of n-hexane saturated with acetonitrile were added and shaken for 5 min. After removal of the n-hexane, the acetonitrile layer was concentrated. The residue was dissolved and adjusted to 5 ml with acetone-nhexane (30 + 70) solution. The sample was centrifuged at 3000 rpm for 5 min to separate the precipitation.
Cleanup: A mini column (SAX/PSA) conditioned with 5 ml of acetone-n-hexane (30 + 70) solution. Two milliliters of the extraction solution for vegetables, fruits and 4 ml of extraction solution for cereals and seeds were transferred to a mini column, respectively. Pesticides were eluted from the column with 5 ml of acetone-n-hexane (30 + 70) solution. After the elute was concentrated with a stream of nitrogen at a water bath temperature of 40°C, the volume was adjusted to 2 ml for all crops with acetone-n-hexane (30 + 70). The solution was used for GC analysis.
Recovery Test: Recovery of the 186 pesticides in broccoli, orange, asparagus, carrot, spinach, burdock, matsutake mushroom, cauliflower soybean, sesame and millet was assessed in three separate tests by fortification of each pesticide working solution to each sample. The pesticide concentration in the spiked sample was 0.1 mg/kg. The spiked sample was then prepared in the manner described in Sample Preparation.
Analysis of Pesticides ---
GC Analysis: The prepared sample solutions were analyzed by GC (Agilent Technologies, U.S.A.) equipped with a flame photometric detector (FPD) in P mode, nitrogen-phosphorous detector (NPD) and . General operating conditions were as follows: inlet temperature 250°C, detector temperature 280°C, column temperature for the DB-210 column-initially 60°C for 2 min, pro- grammed to 250°C at 15°C/min, finally 250°Cfor 5 min; for the DB-17 column-initially 100°C for 2 min, heated to 270°C at 10°C/min, finally 250°C for 6 min; for the DB-5 column-initially 150°C for 2 min, programmed to 260°C at 40°C/min, finally 260°C for 6 min; carrier gas (helium) flow 2 ml/min, sample injection volume 2 µl; injection mode, splitless.
GC/MS Analysis:
A mass chromatogram was obtained on a GC/MS (Agilent Technologies, U.S.A.) equipped with a quadrupole mass spectrometer. The GC/MS was used in the above capillary column DB-5. General operating conditions were as follows: inlet temperature 250°C; transfer line temperature 280°C, ionization temperature, 150°C, column temperature initially 60°C for 1 min, programmed to 280°C at 10°C/min, finally 280 for 7 min; mass spectrometer setting; electro ionization potential 70 eV, sample injection volume 2 µl; injection mode, splitless.
RESULTS AND DISCUSSION
Pesticide Determinations by GC
Optimal conditions for the determinations of organophosphorus, organonitrogen, organochlorine and pyrethroid pesticides were investigated. Figure 1 shows the typical gas chromatograms of standards for the 186 pesticides. Organophosphorus pesticides, organochlorine and pyrethroid pesticides, and organonitrogen pesticides were determined by FPD-GC, ECD-GC, and NPD-GC, respectively. These pesticides were detected within 30 min except for difenoconazol. Pesticides were divided into ten groups for their complete separation in the test recovery. Adequate separation of all pesticides was achieved with good sharp peaks.
Recovery Studies
Vegetables-fruits and cereals-seeds methods were used to validate the 186 pesticides in the eleven agricultural products, as well as analysis of one blank extract. Recovery results are indicated in Fig. 2 . As shown in Fig. 2 , the recoveries of 128 pesticides were satisfactory (50-150%). Three repetitive determinations of recovery achieved good reproducibility for these pesticides (RSDs: 4-21%). All organochlorine and pyrethroid compounds in the 128 pesticides were recovered at greater than 70%. The organonitrogen pesticides belonging to acetamide, acid amide, azine, benzofuran, diazine, dicarboxyimide, diphenyl ether, naphthoquinone and dinitroaniline classes also gave good recoveries (> 70%). On the other hand, the recoveries of 33 pesticides were within 10-150% and 25 pesticides were below 50% in all samples. Lower recoveries (< 50%) are thought to be due to the unique traits of these particular pesticides. Amitraz is likely to be hydrolyzed 13, 14) in a sample at the extraction step. N-trihalomethylthio fungicides, such as captan and dichlofluanid may be degraded by a chemical reaction with thiol groups (-SH) of crop compounds during the extraction step. 15) Phoxim and carbosulfan may be decomposed by the interaction of food components at the inlet liner of GC. 16, 17) The polar pesticides ethychlozate, phenmedipham, acetamiprid, chloridazon, cinosulfuron, fluoroimide, flutriafol, halosulfuron methyl, indosulfuron methyl, metamitron, nitenpyram, nicosulfuron, omethoate, phoxim, propamocarb, pyrazosulfuron-ethyl, pyriproxyfen, rimsulfuron, thiacloprid, triflusulfuron-methyl and vamidothion might not be eluted sufficiently with 30% acetone/n-hexane from a SAX-PSA cartridge. Overlapping peaks interfering with target pesticides also cause poor recovery. Cycloxydim, fluroxypyr, prosulfuron, spiroxamine and zoxamide were significantly overlapped with a sample matrix of almost all agricultural products.
These results clearly demonstrate that the 128 pesticides recovered in amounts of from 50 to 150% are acceptable for screening purposes.
Regulatory Sample Analysis in Quarantine Station
The proposed methods were used for pesticide 18) reported that GC/MS must operate at least 3 diagnostic ions for identification to be confirmed with the SIM mode, three characteristic masses were chosen for each pesticide. In case the positive list system is going to be implemented, additional methods development is thought to be necessary to detect pesticides at the detection limits of 0.01 ppm or MRLs level.
The results of monitoring are shown in Table 2 . A total of 188 residues were detected in 1516 samples, corresponding to a detection rate of 12.4%. The pesticides implicated were azoxystrobin, amethryn, bifenthrin, chlorphenapyr, chlorpyrifos, chlorpyrifos-methyl, cyfluthrin, cypermethrin, cyprodinil, DDT, deltamethrin, dichlorvos (DDVP), difenoconazole, edifenphos, endosulfan, ethion, fenopropathrin, fenvalerate, malathion, methamidophos, methidathion, parathion-methyl, permethrin, pirimiphos-methyl, profenophos and pyridaben. High residues were found in tea samples extracted directly with ethyl acetate when the pesticides were analyzed by the proposed method. However, after the pesticides were analyzed by a method using a hot water infusion, the residue level was decreased to less than detection limits (data not shown). Four samples (0.26%) were in violation: chlorpyrifos in welsh onion, okra and persimmon, and fenvalerate in frozen pimiento. No detectable residues were found in 1328 (87.6%) of the samples.
In conclusion, 128 pesticides were newly validated by the proposed multiresidue screening vegetables-fruits and cereals-seeds techniques. The validation study provides a judgment that a total of 200 pesticides including 72 previously validated by the proposed methods are available to the pesticidemonitoring programme in imported foods at the Quarantine Station in Japan. 
